Background: We report the use of intravitreal bevacizumab as an option for the treatment of chronic or recurrent central serous chorioretinopathy (CSC). Methods: Eight eyes with chronic or recurrent CSC received intravitreal bevacizumab (1.25 mg/0.05 cc) and underwent best corrected visual acuity (VA), optical coherent tomography (OCT), fluorescein angiography (FA) and indocyanine green angiography (ICG) before, and one, three and six months after treatment. Results: All patients showed improvement in visual acuity, fluorescein angiographic leakage, choroidal hyperpermeability and reduced or resolved neurosensory detachment following treatment. Two patients require a second dose of intravitreal bevacizumab. Conclusions: Intravitreal injection of bevacizumab was associated with visual improvement and reduced neurosensory detachment without adverse events in patients with chronic or recurrent CSC. Although these results are promising, further investigations would be helpful to understand this therapy for patients with CSC.
Introduction
Central serous chorioretinopathy (CSC) is a well-characterized disorder leading to serous neurosensory elevation of the central macula. The acute form of the disease is associated with focal leakage at the level of the retinal pigment epithelium (RPE) demonstrated with fluorescein angiography (FA). Fortunately, the disorder is self-limited in the majority of patients, who also regain excellent vision. Occasionally, the neurosensory detachment persists and leads to pigment epithelial and photoreceptor damage with visual impairment.
Chronic cases of CSC may yield further complications such as diffuse retinal pigment epithelial descompensation, subretinal precipitates, descending atrophic tracts, dependent retinal detachment, cystoid macular edema, cystoid macular degeneration, secondary choroidal neovascularization, and fibrous scarring [1] . Although scatter thermal laser photocoagulation may shorten the duration of macular detachment in chronic CSC, the reported cases are few and lack long-term follow-up [2] .
The increasing use of indocyanine green angiography (ICG) in CSC has improved the understanding of the pathogenesis of CSC and has demonstrated that CSC primarily affects the choroidal circulation, resulting in multifocal areas of choroidal vascular hyperpermeability [3] - [5] . Recently, researchers have reported favorable results when treating chronic CSC with indocyanine green guided photodynamic therapy (PDT) using verteporfin. Verteporfin produces alteration of choriocapillary blood flow that may reverse or prevent fluid leakage beneath and beyond the RPE in patients with chronic CSC [1] . However, the application of conventional PDT in CSC is not without its complications as the development of RPE atrophy, choriocapillary ischemia, and secondary choroidal neovascularization (CNV) have also been reported after PDT for chronic CSC [6] - [8] .
The purpose of this article is to report the use of intravitreal bevacizumab as a valuable option of treatment for patients with chronic or recurrent CSC.
Materials and Methods
This study was a prospective, nonrandomized, consecutive, open-labeled interventional case series conducted in the Retina Service of "Dr. Luis Sánchez Bulnes" Hospital from the "Asociación Para Evitar la Ceguera en México", from March 2006 to February 2008.
Patients were evaluated for the presence of chronic or recurrent CSC with visual disturbance, defined as idiopathic elevation of the neurosensory retina, associated with pigment epithelial detachment (PED) who complained of decreased visual acuity for at least six months or had more than one episode in the presence of focal leaks at the level of the RPE on FA.
Patients with any range of visual acuity, presence of subretinal fluid (SRF) and/or serous PED involving the fovea on optical coherence tomography (OCT) were included, who had presence of active angiographic leakage in FA caused by CSC but not CNV or other disease and abnormal dilated choroidal vasculature and other features in ICG consistent with the diagnosis of CSC. Patients who received previous PDT or focal thermal laser photocoagulation for the treatment of CSC or had evidence of CNV, polypoidal choroidal vasculopathy, or other maculopathy on clinical examination, FA, or ICG were excluded. Informed consent was obtained from all subjects. After informed consent and discussion of therapeutic options, patients were treated with intravitreal injection of 0.05 ml (1.25 mg) of bevacizumab, 4 mm posterior to the limbus, in the superotemporal quadrant under aseptic conditions. Each patient underwent best-corrected visual acuity (BCVA) measurements (Snellen or Early Treatment Diabetic Retinopathy Study charts), a dilated fundus examination, optical coherence tomography, fluorescein angiography and indocyanine green angiography at baseline, one, three and six months after injection of intravitreal bevacizumab.
Data obtained were analyzed with frequency and descriptive statistics. The Wilcoxon signed ranks test was performed to assess change in BCVA from baseline to the interval examination 6 months after treatment. TheSPSS software (version 12.0, SPSS, Inc., Chicago, IL) was used for data analysis. Table 1 summarizes the clinical characteristics of the patients and treatment results. Eight eyes of 8 patients (5 men, 3 women) with chronic or recurrent CSC were treated with intravitreal bevacizumab (1.25 mg/0.05 ml). The age at the time of treatment ranged from 28 to 53 years (mean 39). Pretreatment BCVA ranged from counting fingers at one meter to 20/30 (median 20/100). All patients had decreased vision for at least six months or recent exacerbation of visual changes before receiving treatment and had one or more focal RPE leaks re- sponsible for neurosensory detachment, identified as pinpoint areas of hyperfluorescence on early FA frames that increased in size through later frames. Some patients had localized fine mottling and clumping of the pigment in the retina pigment epithelium. Fluorescein angiography showed decrease or resolution of leakage areas. Indocyanine green angiography demonstrated improved midframe hyperfluorescence corresponding to areas where focal RPE leaks were seen on FA (Figure 2 and Figure 3) . Two patients were given a second intravitreal injection of bevacizumab. After treatment, no serious ocular or systemic effects were observed.
Results

Discussion
Finding an optimal treatment for CSC is a complicated matter, since spontaneous resolution occurs in most patients, and emotional factors play an important role in the pathogenesis of the disease. Several treatments have been reported with good results, but interpretation of the results becomes difficult since it is hard to distinguish if the good result is due to the natural course of the disease, the placebo effect, or an actual response to treatment. When dealing with chronic CSC, the role of spontaneous resolution or the placebo effect may be less but can still be significant.
Various medical treatments have been attempted for this disorder, including acetazolamide, ß-blockers, vitamins, and non-steroidal anti-inflamatory medications without decisive benefit [9] . Laser photocoagulation has also been reported to accelerate resolution of the neurosensory detachment in CSC when it is applied on focal sites of RPE leakage [10] [11] . The efficacy, however, is questionable when ill-defined areas of RPE decompensation are present, as in chronic disease. Regression of subretinal exudation was obtained by laser photocoagulation in selected cases of chronic CSC when the treatment was performed in a grid or confluent pattern such as to produce closure of the choriocapillaris in the areas with decompensated RPE [12] - [14] .
Several case series have reported the use of indocyanine green guided photodynamic therapy to treat chronic CSC, defined as >6 months duration of disease with diffuse decompensation of the RPE, but lacking focal FA leaks [15] [16] . At three months after PDT, 69% of eyes had visual improvement of 1 or more lines. In this study 31% of eyes developed secondary RPE changes at the site of PDT which were thought to be due to hypoxic damage caused by choriocapillaris occlusion [6] . The development of CNV after PDT for chronic CSC has also been reported in previous case series and a case report by Colucciello [7] [8]. These potential side effects might be important considerations to restrict the extensive use of PDT for chronic CSC since these patients generally have better vision compared with those with exudative maculopathy secondary to CNV. Moreover, the use of various electrophysiologic tests such as multifocal electroretinography, pattern electroretinography, and electrooculography have also demonstrated objectively that PDT might result in transient impairment in retinal function following treatment [17] - [20] .
In an effort to reduce collateral damage less intensive strategies have been employed with reduced fluence PDT. Chan et al. performed a randomized controlled trial of half dose PDT vs placebo and demonstrated that 95% of treated patients versus 58% of controls had complete absence of fluid at one year visual acuity was also significantly improved [21] . However, in a recent study, Lim et al. suggested an absence of association between laser fluence settings and VA outcomes [22] .
Bevacizumab is a full length antibody that binds all isoforms of VEGF developed for the treatment of sometypes of cancer. Intravitreal bevacizumab has not been tested in a randomized, controlled fashion for CSC; however, a growing number of reports in the literature support its safety and efficacy. Niegel et al. report a 57 year old female patient who received a single intravitreal injection of bevacizumab led to a rapid morphologic and functional restitution without relapse or complication during the 19 weeks period after injection and were the first to suggest that intravitreal injection of bevacizumab could be a therapeutic option for the treatment of chronic CSC [23] .
Artunay and colleagues conducted a prospective, controlled, open-label, non-randomized, trial of a single 2.5 mg intravitreal bevacizumab injection in 30 previously untreated eyes with chronic CSC. Fifteen eyes of 15 patients were treated with intravitreal injections of 2.5 mg (0.1 ml) bevacizumab (treatment group). Fifteen eyes of 15 patients with the same characteristics who declined treatment were an acceptable control group. Twelve (80%) eyes in the treatment group compared with 8 (53.3%) eyes in the control group showed morphologic restitution at 6 months (p < 0.01) [24] .
In the present study, recovery or preservation of visual acuity was present in all patients, resolution or diminished of subretinal fluid by OCT and improved fluorescein leakage and choroidal hyperpermeability. We do not know the mechanism by which intravitreal bevacizumab works in CSC; however, it may be related to its ability to affect vascular permeability. The pathophysiology is also poorly understood, but the advent of indocyanine green angiography presented evidence of choroidal involvement in the disease.
Lijima H. et al. hypothesized that the choroidal circulatory disturbance in CSC is caused by impaired fibrinolysis and the resulting thrombotic occlusion in the choroidal veins. Small, localized ischemic regions caused by non-perfusion or vasoconstriction or the choriocapillaris may induce collateral choriocapillary congestion around this region. The choroidal hyperpermeability resulting from vessel congestion may be observed as localized hyperfluorescence on ICG angiography [25] . Although VEGF levels are not elevated in aqueous samples from CSC eyes, some have hypothesized that hypoxic conditions in the choroid or RPE could lead to compartmentalized VEGF expression not detected in aqueous samples. Given this hypothesis and the remarkable success of these drugs in other disorders, numerous small trials have been undertaken. VEGF was formerly known as "vascular permeability factor" and has profound effects on vascular permeability. It follows that VEGF blockade may ameliorate the choroidal hyperpermeability present in CSC. There is some controversy regarding the ability of bevacizumab to penetrate the retina and reach the choroid, however reports suggest that it indeed does so [26] , which supports the possibility that an intravitreal injection of bevacizumab may be biologically active in areas of the choroid.
There is no data available to support or refute this hypothesis. Nevertheless, the improvement in RPE and neurosensory detachments, visual acuity as well as leakage areas in the FA and choroidal hyperpermeability demonstrated by ICG suggests that intravitreal bevacizumab is efficacious and further investigation into both the possible role of VEGF in the pathogenesis of CSC and treatment of CSC with anti-VEGF agents is recommended [27] [28] .
Comparative studies between anti-VEGF therapy and PDT treatment have been performed. Semeraro et al. report the effectiveness and safety of intravitreal bevacizumab injection (IVB) compared with low-fluence photodynamic therapy (L-PDT) in eyes with chronic central serous chorioretinopathy (CSC). This was a prospective comparative interventional study of 22 patients affected by chronic CSC. Patients were randomly assigned to Group 1 (12 patients treated with 1.25 mg IVB) and Group 2 (10 patients treated with L-PDT). In Group 2, PDT with verteporfin was delivered at low fluence (300 mW/cm 2 for 83 s, 25 J/cm 2 ). Follow-up visits were scheduled at 1, 3, 6, and 9 months. The improvement in visual acuity was greater in Group 1 than in Group 2, although the difference was not statistically significant (p = 0.59). Based on the results obtained after 9 months of follow-up, this study provides evidence that IVB may be a treatment option for chronic CSC [29] .
Recently, Bae and colleagues compared half-fluence PDT to intravitreal ranibizumab (0.5 mg) in a randomized trial of 34 eyes with chronic CSC (defined as recurrent CSC or persistent fluid for 6 months). At month 12, 16 eyes (88.9%) of the low-fluence PDT group maintained complete resolution of SRF without rescue treatment versus 2 eyes (12.5%) in the ranibizumab group (p < 0.001). The improvement in BCVA from baseline was superior in the low-fluence PDT group to that in the ranibizumab group, but the differences were not statistically significant except at month 3 (p = 0.025). These findings in this small study suggest that half-fluence PDT may be superior to intravitreal ranibizumab as a treatment for chronic CSC and requires further investigation [30] .
Conclusions
This study has several limitations: there is a tendency of CSC toward spontaneous remission, it is a small sample size and the lack of a control group.
Even though, a recent prospective randomized trial demonstrated superiority of reduced fluence PDT over anti-VEGF treatment (ranibizumab), regarding that CSC typically resolves on its own, leaving one to wonder whether therapy or time caused resolution. As well as, the lack of understanding about its etiology makes it unclear what the treatment target should be.
Although PDT caused the resolution of SRF in the majority of patients, improvements in VA of a similar magnitude were not observed [22] . On the other hand, PDT with verteporfin is an expensive therapy and it is not available in all countries.
Finally the evidence of multiples studies that demonstrated intravitreal bevacizumab effectiveness and safety in CSC; we concluded with these results that it is a valuable option therapy in patients with chronic and recurrent central serous choriorretinopathy.
Brief Summary Statement
The purpose of our study was to report the use of intravitreal bevacizumab as a therapeutic option in the treatment of chronic or recurrent central serous chorioretinopathy (CSC).
